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The present study was performed in urban forests of Aizawl, Mizoram, north east India falling under an
IndoeBurma hot spot region of existing ecological relevance and pristine environment. The phytoso-
ciolology of invasive weeds has been studied, showing that Lantana camara was the most dominant
invasive weed. Further, the air quality studies revealed high suspended particulate matter as well as
respirable suspended particulate matter in the ambient air of Aizawl. Biomonitoring through plant leaves
has been recognized as a recent thrust area in the ﬁeld of particulate matter science. We aimed to
investigate whether L. camara leaves may act as a biomonitoring tool hence allowing its sustainable
management. The quantity of respirable suspended particulate matter and suspended particulate matter
at four different sites were much higher than the prescribed limits of Central Pollution Control Board of
India during the summer and winter seasons. The dust deposition of L. camara leaves was 1.01 mg/cm2
and, pertaining to the biochemical parameters: pH was 7.49; relative water content 73.74%; total chlo-
rophyll 1.91 mg/g; ascorbic acid 7.06 mg/g; sugar 0.16 mg/g; protein 0.67 mg/g; catalase 30.76 U/mg
protein; peroxidase 0.16 U/mg protein; and air pollution tolerance index was 12.91. L. camara was
observed in the good category in anticipated performance index, which shows the tolerant and condi-
tioning capacity of air pollution. Therefore, the present study recommends the use of L. camara as bio-
monitor that may further have sustainable management implications for an invasive plant.
Copyright  2015, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Plant invasion is a priority threat to global biodiversity and
hence deleterious to both ecology and economy of any nation.
Invasive plants or weeds transmogrify the landscapes of urban
forests and duly affect their phytosociology as well as the diversity
of native species in a complex and intricate manner (Rai 2013).
Various hypotheses have been proposed to understand the basic
mechanism of succession in order to device sustainable manage-
ment strategy; however, none describe it completely (Rai 2013,
2015a, 2015b, 2015c, 2015d).
Lantana camara is an important weed of agro and forest eco-
systems, where it forms dense thickets that livestock cannotþ91 389 2330642.
).
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.penetrate (Rai 2015d). The leaves are toxic when ingested by most
domestic livestock or native mammals, although toxicity varies
greatly between strains (Goulson and Derwent 2004). In Australia
(Leigh and Briggs 1992; Groves and Willis 1999), like other coun-
tries, plant invasion has been associated with the extinction of
several valuable endemic plant species such as L. camara (Gooden
et al 2009).
L. camara is the dominant invasive species in many parts of
Rajasthan resulting from landscape modernization (Robbins 2001).
Rai (2009, 2013, 2012, 2015d) ecologically investigated L. camara,
Mikania micrantha, and Ageratum conyzoides in the forests of an
IndoeBurma hot spot region. In aquatic ecosystems of India several
invasive plants such as Eichhornia crassipes have been reported (Rai
2008, 2009, 2012).
Pollination success in diverse habitats, such as in the cases of
L. camara, Ligustrum robustum, and Mimosa pigra, through profuse
nectar and prolonged ﬂower production (Ghazoul 2002) aid in their
invasion success. As demonstrated in the case of L. camara, forest
gap/canopy openness plays a major role in invasive spread(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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strategy, although this is rather difﬁcult to maintain (Totland et al
2005; Rai 2013). Many invasive aquatic plants such as E. crassipes
and the terrestrial shrub L. camara are reported to be very good in
heavy metal-rich environments as well as particulate pollution
phytoremediation (Rai 2008, 2009, 2012; Rai and Panda 2014).
Thus, the utilization of invasive plants in pollution abatement
phytotechnologies may assist in their sustainable management.
Unfortunately, urban ecosystems of ecologically sensitive re-
gions such as IndoeBurma hot spot are under severe air pollution
stress (Rai 2012). Air pollutants comprised of both particulate
matter (PM) and gaseous pollutants may cause adverse health ef-
fects in humans, affect plant life, and impact the global environ-
ment by changing the atmosphere of the Earth (Rai et al 2014; Rai
2015e). Air pollution emanating from PM is particularly deleterious
as they lead to various cardio-pulmonary diseases through oxida-
tive stress (Rai 2013, 2015e).
In light of the above mentioned, the present study attempts to
investigate the biomonitoring potential of L. camara through
biochemical measurements of plant leaves, which may aid in its
ecosustainable management. Further, a note on other options on
ecosustainable management including this study is presented.
Material and methods
Mizoram is the site of particular ecological relevance as it is an
IndoeBurma hot spot region. In Mizoram, land use change through
shifting cultivation is very frequent, which may exacerbate the
problem of biological invasions (Rai 2009b, 2012). The study was
conducted at Aizawl, Mizoram, North East India, in 2013. For the
leaf dust deposition and the biochemical parameters, the study was
performed only in winter and the remaining parameters were
performed for all seasons i.e. summer, rainy, and winter. Sites were
selected in accordance with varying disturbance intensity.
Phytosociological studies
For phytosociological studies, quadrats of 10 m  10 m in size
were randomly used. Quantitative/phytosociological parameters
such as % frequency, density, abundance, and total basal cover of
each species present in quadrats has been recorded and analyzed as
per the methods of Kershaw (1973) and Misra (1968).
Suspended and respirable suspended particulate matter
Common air pollutants including suspended PM (SPM) and
respirable suspended PM (RSPM) were analyzed by using High
Volume Air Sampler (Model APM-460NL; Envirotech Instruments
Pvt. Ltd.,,Manufacturers of Air PollutionMonitoring Instruments, A-
271, Okhla Industrial Area, Phase-1, New Delhi-110020, India)
regulating 8 h/d. The instrument was kept 2 m higher from the
ground surface. The samples were brought to the laboratory after
each sampling, and concentration of RSPM (using Whatman glass
ﬁber ﬁlter papers) and SPM (using containers) were determined at
an average air ﬂow rate of 1.5 m3/min.
Estimation of dust deposition
Three replicates of fullymature leaves of L. camaraweremarked.
The surface (dorsal side) of leave samples was cleaned and the dust
present was collected in a tracing paper (preweighed). The petioles
were removed from the leaves for further analysis in the laboratory.
The graph paper method was applied for each leaves area (in cm2).
The dust collected was weighed using an electrical balance and
calculated using the formula:W ¼ ðw2 w1Þ=a (1)
where, W¼ dust deposited (mg/cm2), w1¼weight of tracing paper
without dust, w2¼weight of tracing paper with dust, and a¼ leaf
total area (cm2) (Prusty et al 2005).Estimation of pH
A 0.5 g L. camara leaf sample was crushed and homogenized in
50 mL deionized water, the mixture was centrifuged and super-
natant was collected for measurement of pH using pH meter.Estimation of relative water content
To estimate of relative water content (RWC) of L. camara, the
method described by Liu and Ding (2008) was followed based on
the formula and the result was expressed in (%).
RWC ¼ ðwf wdÞ  100=ðwtwdÞ (2)
Fresh weight (wf) of the leaf was increased when leaf pieces
were weighed after immersing in water overnight to get turgid
(wt). The leaf pieces were then blotted to dryness and placed in a
dryer at 115C (for 2 h) and reweighed to get dry weight (wd).Estimation of total chlorophyll content
For the estimation of total chlorophyll (TCH) content, the
method described by Arnon (1949) was used. 0.5 g of fresh leaves of
L. camara were crushed and extracted with 10 mL of 80% acetone
and left for 15 min. The liquid portion was decanted into another
test tube and centrifuged at 2500 rpm for 3 min. The supernatant
was then collected and the absorbance measured at 645 nm and
663 nm using a spectrophotometer. TCH was calculated using the
formula:
Chlorophyll a ¼ 12:7DX6632:69DX645V=1000Wmg=g
Chlorophyll b ¼ 22:9DX6454:68DX663V=1000Wmg=g
TCH ¼ chlorophyll aþ chlorophyll bmg=g
(3)
where, DX ¼Absorbance of the extract, V¼ total volume of the
chlorophyll solution (mL), and W¼weight of the tissue extract (g).Estimation of ascorbic acid
Estimation of ascorbic acid (AA) was done using method of
Keller and Schwager (1977). A 0.5-g sample of fresh L. camara leaf
was homogenized with 20 mL of extracting solution (5 g oxalic
acidþ 0.75 g EDTA in 1000mL of distilled water). It was centrifuged
for 15 min at 6000g and the supernatant collected. The supernatant
(1mL) was added to 2,6-dichlorophenol indophenol (5 mL of 20 mg/
mL), the solution was turning pink. The optical density (OD) of the
mixture was taken at 520 nm (Es). After taking the OD of the
mixture one drop of ascorbic acid was added to bleach the pink
color and again the OD was taken at the same wavelength (Et). The
OD of 2,6-dichlorophenol indophenol solution was also taken at
520 nm (Eo). The standard curve was prepared by using different
concentration of ascorbic acid by following the same method.
Concentration of ascorbic acid is calculated by using formula:
AA ðmg=gÞ ¼ ½Eo ðEs EtÞ  V=W V1 1000 (4)
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pernatant taken, V¼ total volume of the mixture, and Value of
[Eo  (Es e Et)] is estimated by the standard curve.Estimation of sugar
Estimation of sugar used anthrone method described by
Irigoyen et al (1992). A 0.1 g sample of fresh L. camara leaf was
crushed in a mortar and 3 mL of 80% hot alcohol was added. The
mixture was centrifuged at 5000 rpm for 15 min. The supernatant
obtained was separated into another test tube and 12.5 mL of 80%
alcohol added. One mL of the solution was taken and 1 mL of 0.2%
anthrone added. The mixture was heated in a water bath at 100C
for 10 min. The reaction was terminated by incubating on ice for
5 min. Total soluble sugar content was determined using a spec-
trophotometer at 620 nm. Calculation of the total soluble sugar
content was done by creating a calibration curve with D-glucose
(concentration range, 200e1000 mL) as a standard and was
expressed in mg/g fresh weight.Estimation of protein
Estimation of protein was done with the method by Lowry et al
(1951). L. camara leaves (0.2 g) were homogenized in 10 mL of 20%
trichloroacetic acid. The homogenatewas centrifuged for 20minutes
at 10,000 rpm with temperature at 4C (Model 5810 R; Eppendorf
AG, Barkhausenweg 1, 22339 Hamburg, Germany). The supernatant
was discharged and the pellet re-extracted with 5 mL of 0.1N NaOH.
One mL of the extract was taken in a test tube and 5 mL of reagent C
(protein reagent) added. This solution was mixed well and kept in
dark for 10 minutes. Later, 0.5 mL of Folin phenol reagent was added
and the mixture was kept in dark for 30 minutes. The sample was
read at 660 nm. The total protein content was calculated from a
standard curve of bovine serum albumin and was expressed asmg/g
fresh weight.Estimation of enzyme activity (catalase and peroxidase)
For the estimation of enzyme activity of L. camara, enzyme
extraction procedure was prepared according to Nayyar and Gupta
(2006) with some modiﬁcation in relation to quantity of reaction
mixture (1000 mL), enzyme extract (50 mL) and concentration of
H2O2 (10mM). The aforementioned components may vary in
quantitative perspective in varying protocols.Table 1. List of invasive weeds recorded at the four sites of Aizawl, Mizoram, north east
Name of species Q1 Q2 Q3 Q4 Q5 n Density Frequency Abu
Lantana camara þ þ  þ þ 20 4 80 5
Ageratum conizoides þ þ þ þ þ 65 13 100 13
Spilanthes oleracea þ þ þ þ þ 70 14 100 14
Biden biternata þ þ  þ þ 32 6.4 80 8
Spilanthes sp.   þ  þ 14 2.8 40 7
Mikania micrantha þ þ þ þ þ 31 6.2 100 6.2
Clerodendron
infortunatum
þ þ    8 1.6 40 4
Imperata cylindrica þ þ þ þ þ 42 8.4 100 8.4
Par eng (local name)
Unidentiﬁed
þ þ þ   19 3.8 60 6.3
Merremia
umbellatum
þ þ þ  þ 22 4.4 80 5.5
Panicum
conjugatum
þ þ þ  þ 32 6.4 80 8
Kyllingia brevifolia þ  þ þ þ 49 9.8 80 12.2
IVI¼ importance value index.Catalase activity estimation was determined according to Aebi
(1984) by monitoring the decomposition of H2O2. One mL of reac-
tion mixture contained potassium phosphate buffer (pH 7.0), 50 mL
of enzyme extract, and 10mM H2O2 to initiate the reaction. The
reactionwas measured at 240 nm for 5 min and H2O2 consumption
was calculated using extinction coefﬁcient 43.6/M/cm, and was
expressed in units/mg protein.
Peroxidase activity estimation of L. camara was determined
using the guaicol oxidation method of Chance and Maehly (1955).
The 3-mL reaction mixture contained 10mM potassium phosphate
buffer (pH 7.0), 8mM guaicol, and 50 mL enzyme extract. The re-
action was initiated by adding 10mM H2O2. The increase in absor-
bancewas recordedwithin 5min at 470 nm due to the formation of
tetraguaicol. One unit of peroxidase activity was expressed as the
change in absorbance per min and speciﬁc activity as enzymes
units per mg soluble protein (extinction coefﬁcient 6.39/mM/cm).Air pollution tolerance index and anticipated performance index
To evaluate the air pollution tolerance index (APTI) of L. camara
to air pollution, Singh and Rao (1983) method was used. Four leaf
parameters (RWC, pH, THC, and AA) were used to derive an
empirical number indicating the air pollution tolerance index. The
APTI was calculated using the formula (Singh and Rao 1983):
APTI ¼ ½AAðTHCþ pHÞ þ RWC  10 (5)
By combining the resultant APTI values with some relevant
biological and socioeconomic characters (plant habitat, canopy
structure, type of plant, laminar structure, and economic value), the
anticipated performance index (API) was calculated for different
species. Based on these characters, different grades (þ or ) are
allotted to plants. Different plants are scored according to their
grades (Mondal et al 2011; Thambavani and Sabitha 2011).Results and discussion
L. camara was found to be the most dominant invasive weed as
revealed through phytosociological studies (Table 1). The average
seasonal values of two air pollutants (SPM and RSPM) recorded at
four study sites throughout the 1-year sampling period is presented
in Table 2. The ambient PM concentrations were recorded highest
at Ramrikawn, followed by Zarkawt and Durtlang, while the lowest
values were recorded for the Tanhril area. The values of particulate
pollutants were lowest in the rainy season, which may be becauseIndia (an IndoeBurma hot spot region).
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PK Rai, MM Singh / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 375e381378of large precipitations whereas summer and winter seasons were
characterized by nearly the same concentration at all four different
study sites. During winter, there is increased atmospheric stability,
which in turn allows for less general circulation and thus more
stagnant air masses. This prevents an upward movement of air, so
atmospheric mixing is retarded and pollutants are trapped near the
ground. Secondly, cold starts in winter lead to a longer period of
incomplete combustion and longer warm-up times for catalytic
converters, which generate more pollution (Shukla et al 2010).
Vehicular exhaust, construction work, commercial activities, prac-
tice of jhum cultivation, and bad road condition may be reasons for
the augmented concentration of air pollutants at different study
sites. In the present study, the quantity of RSPM and SPM at four
different the sites were much higher than the prescribed limits of
the Central Pollution Control Board of India during the summer and
winter. The present concentrations of the air pollutants, speciﬁcally
particulate pollutants, are high enough to affect human health in
the area. Elevated levels of SPM and RSPM in air can cause respi-
ratory diseases such as asthma and cancer (Rai 2015e). Keane et al
(2001) and Prajapati and Tripathi (2007) biomonitored the trace
metals present in PM10 using leaves of Saraca indica (Ashoka),
L. camara, and dandelion leaves.
The dust deposition of L. camara leaves was 1.01 mg/cm2
(Table 3). For biochemical parameters of L. camara: pH was 7.49;
RWC 73.74 %; TCH 1.91 mg/g; AA 7.06 mg/g; sugar 0.16 mg/g;
protein 0.67 mg/g; catalase 30.76 U/mg protein; peroxidase 0.16 U/
mg protein; and APTI was 12.91. L. camaramay be due to their waxy
coating, rough surface with slightly foldedmargin and short height.
Result of API of the different plant species demonstrated L. camara
lying in the good category.
The air pollution during winter increases due to dryness of the
atmosphere. Dust particles tend to rise from the road and usually
ﬂoat in the air during the winter. Dusts with soluble salt have
adverse effect on plants (Prajapati and Tripathi 2008). Determina-
tion of pH can be useful for identiﬁcation of tolerant species. Low
pH content is more susceptible plant species and plants with pH
around 7 are tolerant species (Singh and Verma 2009). The acidic
nature demonstrates that the pollutants are mostly gaseous, such
as SO2 and NOX, whichmay diffuse and form acid radicals in the leaf
matrix by reacting with cellular water, hence, affecting chlorophyll
(Türk and Wirth 1975).
Under air pollution stress conditions, plants maintain balance
physiologically with the high relative water content of their body.
The most important perquisite for plant life is water and its
shortage may cause severe stress to terrestrial plants (Singh and
Verma 2009). Plants cannot survive well due to low water supply
from the roots to supply photosynthesis if the leaf transpiration
rate reduces due to the air pollution. High RWC favors drought
resistance in plants (Dedio 1975).
Chlorophyll pigments exist in a highly organized state, and
under stress they may undergo several photochemical reactions
such as oxidation, reduction, and reversible bleaching (Puckett et al
1973). Air pollution-induced degradation in photosynthetic pig-
ments was also observed by a number of workers (Bansal, 1988;
Singh et al 1990; Sandelius et al 1995).
AA, a natural antioxidant in plants has been shown to play
important role in pollution tolerance (Joshi and Swami 2007).
Ascorbate is known as an antioxidant molecule able to detoxify air
pollutants (Smirnoff 1996) and it is also able to control cell
expansion and cell division (Loewus 1999; Conklin et al 2000). The
level of this acid declines on pollutant exposure (Keller and
Schwager 1977).
The decrease in total sugar content of damaged leaves probably
corresponded with the photosynthetic inhibition or stimulation of
respiration rate (Tzvetkova and Kolarov 1996). Reduction in sugar
Table 3. Dust capturing potential with their impact on several biochemical parameters and calculation of Lantana camara Air pollution tolerance index (APTI).
Dust deposition (mg/cm2) pH RWC (%) TCH (mg/g) AA (mg/g) Sugar (mg/g) Protein (mg/g) Catalase (U/mg protein) Peroxidase (U/mg protein) APTI
1.01 7.49 73.74 1.91 7.06 0.16 0.67 30.76 0.16 12.91
AA¼ ascorbic acid; APTI¼ air pollution tolerance index; RWC¼ relative water content; THC¼ total chlorophyll.
Table 4. Anticipated performance index of plant species (after Shannigrahi et al
2003; Mondal et al 2011).
Grade Score (%) Assessment of plant species
0 Up to 30 Not recommended for plantation
1 31e40 Very poor
2 41e50 Poor
3 51e60 Moderate
4 61e70 Good
5 71e80 Very good
6 81e90 Excellent
7 91e100 Best
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uted to increased respiration and decreased CO2 ﬁxation because of
chlorophyll deterioration (Tripathi and Gautam 2007).
Protein content in plants exhibits both an increasing and
decreasing trend in response to pollution stress depending on the
plant species and its inherent resistance against pollution. Reduc-
tion in protein contentmight be due to the enhanced rate of protein
denaturation, which is also supported by the ﬁndings of Prasad and
Inamdar (1990). Marked alterations in photosynthetic pigments
and protein content in foliar tissues as a result of auto-exhaust
pollution were noticed by Verma and Singh (2006).
Plant cells have several antioxidative enzymes (superoxide
dismutase, glutathione reductase, catalase, and peroxidase;
Kangasjärvi et al 1994). The air pollution can disturb the enzyme
activity of the plant cell resulting in various physiological changes.
Varshney and Varshney (1984) reported an increase in peroxides
activity in plants under a variety of stresses such as mechanical
injury and attack by pathogen or an inﬂuence of environmental
pollution.
API might be very useful in the screening of appropriate plant
species, useful for plantations to mitigate atmospheric pollution
and maintain a social-aesthetic balance in environment sur-
rounding industrial and urban areas. According to the API grading
(Table 4) adopted by Mondal et al (2011) after Shannigrahi et al
(2003), the studied plant species shows that, Ficus bengalensis is
evaluated as the best variety, Psidium guajava is excellent, andTable 5. Anticipated performance index (API) of studied plant species at Aizawl.
Plant species APTI
value
Tree
habitat
Canopy
structure
Type of
tree
Laminar
structure
Size
Ficus bengalensis Linn. þþþþþ þþ þþ þ þþ
Ficus religiosa Linn. þþ þþ þ þ þþ
Mangifera indica Linn. þþþþ þþ þ þ þþ
Bougainvillea spectabilis
Willd.
þþþ þ  þ þ
Psidium guajava Linn. þþþþþ þ þþ þ þþ
Hibiscus rosasinensis Linn. þþ þ  þ þ
Lantana camara Linn. þþþþ   þ þ
Delonix Regia Raf. þþ þþ þ  
Artocarpus heterophyllus
Lam.
þþ þþ þ þ þ
Cassia auriculata Linn. þþ þ  þ 
APTI¼ air pollution tolerance index.Mangifera indica is assessed as very good, while Artocarpus heter-
ophyllus, Lagerstroemia speciose, and Ficus religiosawere qualiﬁed as
good varieties (Table 5). L. camara falls under the good assessment
due to factors such as its physical attributes, low height, hairy
leaves, its extensive growth nature and tolerance, which shows its
importance in abatement of the air pollution.
Management of L. camara
In line with the present study, L. camara inspite of being an
invasive species has several advantages that may assist in its eco-
sustainable management as removal through harvesting is not a
preferred option for its removal and requiresmuch labor expense in
addition to perturbing the ecosystem (Rai 2009a). Therefore, using
it as bioresource for multifaceted advantages may greatly assist in
its management. Various research has enriched the ecosustainable
management of L. camara. Osunkoya and Perrett (2011) demon-
strated that under L. camara-infested soil, moisture, pH, calcium,
total and organic carbon, and total nitrogen were signiﬁcantly
elevated, while sodium, chloride, copper, iron, sulfur, and manga-
nese, many of which can be toxic to plant growth if present in
excess levels, were present at lower levels in soils compared to soils
lacking L. camara. L. camara also has many beneﬁts; for example it
improves soil hydraulic properties to the beneﬁt of the wheat crop
in a riceewheat cropping sequence (Bhushan and Sharma 2005;
Rai 2013). Further, it may act on other invasive species; for
instance, the growth of the aquatic weed Eichhornia crassipes and
the alga Microcystis aeruginosa may be inhibited by fallen leaves of
L. camara (Kong et al 2006; Rai 2013). Fleshy-fruited invasive plants
provide food that supports indigenous frugivore populations
(Gosper and Vivian-Smith 2006; Rai 2013) and Gosper and Vivian-
Smith (2006) using L. camara as a target species suggested that
using the fruit characteristics of the invasive plant may assist to
select replacement indigenous plants that are functionally similar
from the perspective of frugivores. L. camara is reported to be very
good in heavy metal as well as particulate pollution phytor-
emediation (Rai 2008, 2009, 2012, 2015a, 2015b). Thus, the utili-
zation of invasive plants in pollution abatement phytotechnologiesEconomic
importance
Grade
allotted
API
gradation
Assessment
Texture Hardiness Total plus % Score
þ þ þ 15 93.75 7 Best
 þ þ 10 62.50 4 Good
 þ þ 12 75.00 5 Very good
þ þ  8 50.00 2 Poor
þ þ þ 14 87.50 6 Excellent
 þ þþ 8 50.00 2 Poor
þ þ þþ 10 62.50 3 Good
  þ 6 37.50 1 Very poor
 þ þþ 10 62.50 4 Good
 þ  5 31.25 1 Very poor
PK Rai, MM Singh / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 375e381380may assist in their sustainable management, which has been
demonstrated through the present research (Rai 2015a, 2015b).
After analyzing different parameters such as RSPM, SPM, dust
deposition, and biochemical parameters, L. camara, the most
dominant invasive weed, may be useful for biomonitoring of PM.
L. camara leaves have the capability of dust capturing, and are
tolerant to air pollution, conditioning the air pollutants, and thus
reliable for the biomonitoring. Thus, the present study revealed the
implications sustainable management of L. camara through PM
biomonitoring.
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